One of the two carbanions produced by the reaction of sodium or potassium cyanide with 1,2-dichlorohexafluorocyclopentene has been identified by X-ray diffraction as 3-fluoro-l,l,4,5,5-pentacyano-2azapentadienide. The crystal structure analysis of the tetraphenylarsonium salt was completed without any chemical assumptions.
ellipsoids. Inspection of the result indicates that the carbon atoms which are not involved in the crowding around the central Si atom undergo stronger vibration; they are C(~, 3) , C(~, 4), C(ct, 6), C(cq 7) and the three outside carbon atoms in the phenyl ring. The directions of the maximum amplitudes are almost in the ring planes. The characteristics of the thermal motion in the two crystals are quite similar and the F compound has larger amplitude than the H compound; this is reasonable in view of the stability of these two compounds.
Introduction
The reaction of sodium or potassium cyanide with an excess of 1,2-dichlorohexafluorocyclopentene produces deeply colored solutions. From this reaction mixture, Carpenter (1965) found that two strongly colored carbanions could be isolated as the tetraalkylammonium, -phosphonium or -arsonium salts. The microanalyses indicated that the red carbanion had an approximate empirical formula of C9qlN6OF. The magenta carbanion was formulated as CllN6F. Since the chemical and physical properties did not suggest a structure, an X-ray crystal structure determination appeared essential. The tetraphenylarsonium salt of the red anion (henceforth TPAS + RD-) was chosen for the X-ray investigation since it was the most unusual of the two carbanions. The presence of the tetraphenylarsonium cation suggested that the structure of the anion could 3-FLUORO-1,1,4,5,5-PENTACYANO-2-AZAPENTADIENIDE be ascertained with a minimum of chemical assumptions. The results of our study showed that the anion was 3-fluoro-1,1,4,5,5-pentacyano-2- 
Experimental
The TPAS + RD-crystallizes from acetone as deep red surfboard-shaped crystals. Weissenberg photographs taken about the ~ axis indicated orthorhombic symmetry with no evidence of twinning or disorder. The systematic absences were:
hkl no absences Okl absent if l= 2n + 1 hOl absent if h = 2n + 1 hkO absent if k--2n + 1 The space group is uniquely determined to be Pcab (D~' D. A crystal was cleaved to give a parallelepiped 0.05 x 0.09 x0.21 mm, dipped in liquid nitrogen, and then mounted on a General Electric single-crystal orienter. The long dimension of the crystal (the ~ axis) was parallel to the ~0 axis of the orienter. The unit-cell dimensions were determined with a narrow beam of copper radiation (al = 1.54050 and az = 1.54434 ~) with a narrow slit at the counter window. The averages of these measurements are given below: a=9.789+0.003, b=24.601 +0.006, c=23.918 +0.006 A.
The density of TPAS + RD-was determined by flotation in a potassium iodide solution to be 1.368g. cm -3. The molecular weight of the anion was calculated to be 205.0 g, indicating that the microanalyses were probably in error. The density calculated for eight molecules of tetraphenylarsonium 3-fluoro-1,1,4,5,5-pentacyano-2-azapentadienide per unit cell is 1.371 g.cm -3.
Intensity measurements were made using a proportional counter with a linear amplifier-pulse height selector combination. The stationary-crystal stationarycounter technique was employed in measuring the 4278 reflections with 20<120-0 °. The 285 Okl reflections with /=2n+ 1 were also surveyed and were used to calculate a background correction. The 2850 reflections which were greater than 1.2 times the background count at that particular value of 20 were considered to be observed reflections. A correction for the O~I--OC 2 splitting was calculated by comparing selected stationary crystal intensities with the corresponding values measured by the moving crystal-moving counter technique.
Determination and refinement of the trial structure A sharpened three-dimensional Patterson synthesis with the origin peak removed was calculated. The arsenic-arsenic vectors were easily identified in the Harker sections. The value of the x coordinate for the arsenic atom is approximately ¼, introducing an ambiguity in the z coordinate between z and ¼-z. By comparing a minimum function based on the arsenicarsenic vector with a series of low-resolution Fourier syntheses computed using only the terms with l=2n, the orientations of the four phenyl groups were determined. Structure factors were computed for all the observed reflections, using the two choices for the z coordinate of the arsenic atom. The agreement between the observed and calculated values was better for z=0.142 than for z=0.108 and the former value was used in all subsequent calculations. An observed and a difference Fourier synthesis were then computed with the contribution of the tetraphenylarsonium group to determine the phases. Only sixteen peaks ranging in heights from 2.4 to 6.6 e./~k -3 were found which could be assigned to the anion. The identification of the atom peaks was based on chemical considerations; for example, three collinear terminal atoms were assumed to be a cyano group attached to a carbon atom. The mean carbon atom peak height was 3.8 e.A -3, and the mean nitrogen atom peak height was 3.9 e.A -3. The fluorine atom peak height was 6.6 e.A-3. An observed and a difference Fourier synthesis using all 41 atoms for determining the phases revealed no additional peaks. Since a nitrogen atom in the chain was unexpected, N(40) was assumed to be a carbon atom in the initial refinement. The initial parameters for the least-squares refinement were obtained from the 41 atom-observed Fourier synthesis. The starting value of R, the usual residual, was 19.1%.
Because of the large number of variables involved in the refinement, the block approximation to the full matrix was employed. A 3 x 3 block was used for the positional parameters and a 6 x 6 block for the anisotropic thermal parameters. The quantity minimized was Zw(AF) 2, where AF= [Fo [ -] A total of four least-squares cycles reduced the residual R to 8.5%. A comparison of the thermal parameters for atom 40 (which had been refined as a carbon atom to this point) with those of carbons 30-33 in the chain indicated that atom 40 was a nitrogen and not a carbon atom. The subsequent refinements all used atom 40 as a nitrogen atom. Five more least-squares cycles reduced the residual R to 6"7Yo.
At this point a careful study of the observed and calculated structure factors, the original data, and some Weissenberg photographs revealed a few errors in the observed amplitudes. These errors were corrected where feasible. Three reflections for which a setting error had been made were removed from the data and are noted by an asterisk in Table 4 .
A difference Fourier synthesis was calculated in an attempt to locate the 20 hydrogen atoms of the four phenyl groups. Positions for all the hydrogen atoms were obtained from the difference synthesis. An isotropic temperature factor (the average of the isotropic equivalent of its respective carbon atom) was assigned to each hydrogen atom. The contribution of the hydrogen atoms was included in the subsequent leastsquares refinement, but their positional and thermal parameters were not varied. Six additional least-squares cycles were computed before the refinement was terminated. On the final cycle the average shift in the positional parameters for the carbon and nitrogen atoms was 0.0004 A. The largest shift was 0-0022 A [for the y coordinate of N(39)], which is one-third of the standard deviation for that F(34) 1228 2805 As(41) 00975 00146 00120 -00019 00035 00023 a(As) 00006 00001 00001 00005 00004 00002 parameter. The final value of R was 5.7 Yo for the 2835 observed reflections. The final positional parameters for the heavy atoms are given in Table 1 and their final thermal parameters in Table 2 . The standard deviations quoted are the average values obtained from the inverse of the appropriate block matrix. A final difference synthesis was computed and a new set of hydrogen positions was obtained. The hydrogen parameters are given in Table 3 and do not differ significantly from the earlier set used in the least-squares refinement. The final set of structure factors calculated using the parameters given in Tables 1, 2 and 3 are listed in Table 4 . Table 3 .
Probable hydrogen positions
The hydrogen atom is given followed by the atom to which it is bonded, the position parameters times 10 +3 , the bond distance, and the peak height on the second difference map tried. In this case the four sets of T-~ values were not interpretable in terms of the geometry of the phenyl groups. Consequently, although the rigid-body approximation is a crude model, the position parameters for TPAS ÷ were corrected in this manner. The libration-corrected positional parameters are given in Table  1 . Using these parameters the intramolecular distances and angles in TPAS ÷ were calculated and are illustrated in Fig. 1 , with the nonbonded distances tabulated in Table 6 . The least-squares planes for the four phenyl groups were calculated and are summarized in Table 7 . There is no significant nonplanarity in any of the four phenyl groups. The average value of the 24 carbon--carbon bond distances in the four groups is 1-389 A, in good agreement with the distances in benzene of 1.397 A reported by Stoicheff(1954) 
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The scattering factors used in all the calculations were hydrogen and carbon-graphite from McWeeny (1951) , nitrogen from Hoerni & Ibers (1954) , and arsenic (uncorrected for dispersion) from International Tables for X-ray Crystallography (1962) .
Results and discussion
The tetraphenylarsonium cation (TPAS +) An analysis of the rigid-body translational and librational motions of TPAS + was carried out by the method of Cruickshank (1956, 1961) . The arsenic atom was assumed to be the center of mass. The results of the rigid-body analysis are given in Table 5 . The r.m.s. difference between the observed and calculated Uo is 0.0082 A, the poor agreement probably due to an oscillation of the phenyl groups around the As-C bond. The use of the rigid-body approximation for TPAS +, however, is questionable. Therefore, the treatment of each phenyl group and the arsenic atom as a separate rigid-body with the arsenic atom as the origin was also ..........................................................  ! : ................  i i•, ................................. ........................................... , : ................. ~.1 ............................. 7 ., ,oo -6. _,o ,,. ::~._: .,1 .....
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2.60 Cruickshank & Smith (1958) . The standard deviation calculated on the basis of the 24 observed C-C distances is 0.012 A. The value of 0.008/~ was computed from the least-squares standard deviations. The larger value is preferred since it more closely reflects the experimental deviations.
The average As-C bond distance is 1.897 + 0.009 A, where the standard deviation is 1.5 times the value computed from the least-squares standard deviations. The values reported for the arsenic-carbon bond distance in various compounds range from 1.82 to 1.99/~ (e.g. see Cullen & Trotter (1963) and references therein) with large estimated standard deviations. Hedberg, Hughes & Waser (1961) reported the average As-C distance in arsenobenzene to be 1.966 + 0.021/~. Using the criterion suggested by Cruickshank & Robertson (1953) , the two bond lengths are significantly different (t0=3"0). Although the shortening of the As-C bond in TPAS + may be attributed to a formal charge effect, precise values for other As-C bond distances are required before the presence of a formal charge effect can be ascertained.
In both the iodide salt examined by Mooney (1940) and the tetrachloroferrate salt studied by Zaslow & Rundle (1957) , TPAS + is required by the space group to have ~ symmetry. In the present study the 7~ symmetry of TPAS + is destroyed by the rotation of the phenyl groups around the As-C bond. The observed asymmetry is apparently the result of crystal packing and is not an effect of intramolecular steric repulsion.
The 3-fluoro-1,1,4,5,5-pentacyano-2-azapentadienide anion (RD-) An analysis of the rigid-body translational and libration motion for RD-was carried out by the method given by Cruickshank (1956 Cruickshank ( , 1961 center of mass at 0.0616, 0.2316, 0.3555 is close to C(32). The results of the rigid-body analysis are given in Table 8 . The libration-corrected positional parameters are given in Table 1 . The intramolecular distances and angles in the anion were calculated using the corrected parameters and are illustrated in Fig. 3 . The validity of using the rigid-body approximation for the anion is also questionable. The r.m.s, deviation between the observed and calculated U's is 0.0131. This large value is probably due to wagging of the cyano groups. A similar effect was observed by Bekoe & Trueblood (1960) in tetracyanoethylene and by Long, Sparks & Trueblood (1965) in 7,7,8,8-tetracyanoquinodimethane . The average correction for the five C = N bonds was 0.0045 A, which is probably too small by a factor of two. However, since the standard deviation of a bond length is 0.012 A, there is little merit in attempting to obtain a more accurate correction.
The five C = N bond lengths, after the libration correction, average 1.146+0.012A, in agreement with other cyanocarbons [see Bekoe & Trueblood (1960) and Long, Sparks & Trueblood (1965) ]. The average C-C=N angle is 176.8 + 1.1 °, significantly different from a linear bond angle of 180.0 °. The nonlinearity is due to steric repulsion involving the fluorine atom and the cyano groups. The large angles of C(31)-C(30)-C(26) and N(40)-C(33)-C(28) are due to a repulsion between F(34) and C(26) and C(28). The resulting distortion equalizes the two fluorine intramolecular contacts" F(34)-C(26) is 2-672A and F(34)-C(28) is 2-682 A.
The C-C (cyano) bond distances average 1.435+ 0,012 A and are not significantly different from corn- Bugg & Sass (1965) ], and in ammonium tricyanomethide [1.40 + 0.01/~, Desiderato & Sass (1965) ]. The length of this C-C bond is discussed in some detail by Bekoe & Trueblood (1960) . The small C-C-C angles of 113.8 and 114-5 ° in the dicyano groups are a consequence of intermolecular steric repulsion between F(34) and the atoms C(26) and C(28). The average C-N bond distance in the chain is 1.326 4-0.012 ,~ which is equivalent to the C-N bonds in an aromatic system (Sutton, 1958) . The C-C bonds in the chain average 1.392+0.012 A and are close to the value in benzene (Sutton, 1958) . These facts suggest that the bonds in the chain have about 50~o double bond-character, in agreement with the resonance stabilized character of the anion.
The C-F distance of 1.359 + 0.012 A is slightly shorter than the average value of 1.37 A found in compounds where there is only one fluorine bonded to a carbon atom (Sutton, 1958) . When two or three fluorine atoms are bonded to the carbon atom the average distance is 1.33 A (Sutton, 1958) . Karle, Karle, Owen & Hoard (1965) observed a similar effect in the dimer of hexafluorobutadiene where they found 1.367 and 1.327,~ for the C-F distances in the two cases.
A number of least-squares planes were calculated for the anion and are tabulated in Table 9 . As expected, the various cyano groups are planar. However, the entire anion, which is a highly resonance-stabilized system, is definitely nonplanar. Thus, RD-provides an example of the fact that exact planarity is not a prerequisite to resonance stabilization.
Intermolecular distances
All the intermolecular distances less than 3.5 A were calculated. Distances involving a hydrogen atom which were less than 3.0 A are tabulated in Table 10 , together with the heavy atom distances less than 3.5 A. As expected, the majority of the intermolecular contacts in- The structure of NaBr. 2CH3CONH2 has been determined by a three-dimensional X-ray analysis. Space group P21/c, Z=4, a=9.11, b= 6.49, c= 17.72 A, fl= 115.4 °. Each sodium atom is octahedrally coordinated (2Br and 40) and the structure consists of infinite chains of octahedra having one face in common. There are N-H... Br bonds between the chains. Distances Na-Br: 2.99 and 3.12. Mean distances: Na-O = 2.35, N(H)--Br = 3.50, C-O = 1.22, C-N = 1.31, C-C = 1.50.
Le complexe NaBr. 2CH3CONH2 a 6t6 prGpar6 par la mGthode dGcrite par Titherley (1901): on dissout le bromure de sodium et l'acGtamide dans l'Gthanol anhydre et on refroidit la solution dans un exsiccateur au chlorure de calcium sous vide. Les cristaux se prGsentent sous forme d'aiguiUes incolores tr~s hygroscopiques (point de fusion: 145°C). Pour l'Gtude aux rayons X, nous les avons enfermGs dans des tubes en verre de Lindemann.
Param~tres de la maille
Les dimensions de la maille-unit6 ont 6t6 mesurGes sur des diagrammes de rotation (autour des axes aet b) et de Weis~enberg. Le spectre d'un fil d'argent a servi d'Gtalon (a=4,086 A). Le groupe spatial est P21/c, correspondant aux absences systGmatiques hOl pour IS 2n et 0k0 pour k ~a 2n. Les param~tres valent: a= 9,11+0,01 A b= 6,49 + 0,01 c = 17,72 + 0,03 fl= 115,4° +0,2 ° . Les rGsultats publiGs prGcGdemment (Gobillon & Piret, 1962) &aient bas~s sur une valeur l~gbrement erron~e pour le param&re a de l'argent. I1 y a quatre 'molGcules' de complexe par maille. La densit6 calculGe, vGrifiGe expGrimentalement, vaut 1,55.
Intensit~ des rayons diffract~s
* Partie III: Structure de NaI. 3CH3OH (Piret & Mesureur, 1965) .
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Titulaires d'une bourse de spGcialisation de I'IRSIA.
Les spectres de diffraction ont 6t6 obtenus 5. l'aide d'une camGra de Weissenberg, munie d'un dispositif intGgrateur. La radiation incidente 6tait Cu Ke (2= 1,5418 A). Les rGflexions hkl ont 6t6 enregistrGes par
